1. Introduction {#s0005}
===============

According to data from disease center, intestine cancer is a disease with high morbidity and high mortality. Rectum is the predominant predilection site of intestine cancer, followed by sigmoid and others. The intestinal tract is a dynamic and complicated world of microbes ([@b0020], [@b0090], [@b0095]). Closely related to the metabolism activities of the host, the numbers and varieties of intestinal microbes are normally relatively stable ([@b0025], [@b0130]). A status of dynamic balance is maintained by the interrelation and interaction of intestinal microbes. Once these balance were broken, it may do harm to the health of host by excreting toxins, invading mucosa, activating carcinogens and participating in inflammation, etc. ([@b0020], [@b0105]), eventually leading to diseases (such as constipation, Long-term constipation would cause intestinal mucosal injury, enteritis, ileus, etc., thus inducing intestine cancer). Abundant evidence showed that various diseases like obesity, diabetics, colorectal cancer and irritable bowel syndrome accompanied by changes of intestinal microbes. Also, intestinal microbes disorder plays a significant role in the pathogenesis of these diseases ([@b0065], [@b0070], [@b0005], [@b0140], [@b0150], [@b0145], [@b0010], [@b0045], [@b0030], [@b0050], [@b0120], [@b0125], [@b0055], [@b0135], [@b0090], [@b0095]).

Preliminary study showed that long-term constipation would induce the occurrence of intestine cancer ([@b0085]). Long-term constipation would cause characteristic changes of intestinal microbes (such as numbers, variety, etc.), further inducing intestinal microbes' disorder and participating in the occurrence and development of bowel diseases.

*Deferribacteres* is a kind of bacteria that could gain energy by obligatory or facultative anaerobic metabolism. The iron metabolism of *Deferribacteres* in intestinal flora is definitely related to bowel iron balance. Abnormal iron metabolism would increase the risks of diseases and promote tumor growth ([@b0015], [@b0040]).

The growth of microorganisms is affected by pH value, temperature, moisture, and oxygen ([@b0100]), and bacteria account for about 50% of the fecal volume ([@b0115], [@b0060]). Thus it should be seen that the rest of food residue is a good "medium" for the intestinal flora ([@b0070]). In the treatment group of preliminary study, the effect of Codonopsis foetens as the intestinal microbiological culture medium was equivalent to the nutrient substance in the microbiological culture medium. Codonopsis foetens directly or indirectly changed the intestinal bacteria micro-ecology by altering the nutrient composition of the intestinal "medium", pH, and the like, further affecting the occurrence and development of intestinal cancer. [@b0080] performed a research on the effects of Codonopsis foetens on human colon cancer HCT116 and SW480 cell lines, of which results showed that Codonopsis foetens inhibited cell autophagy and induced apoptosis of colon cancer cells via activating the NF-κB pathway and promoting nuclear transportation of P65.

Therefore, by using metagenomic sequencing technology combined with bioinformatics analysis techniques, this study aimed to qualitatively and quantitatively study the effects of various aspects including intestinal structural composition, microbial diversity, and abundance in intestine cancer group and Codonopsis foetens treatment group, further screening for microbial markers in both groups.

2. Materials and methods {#s0010}
========================

2.1. The construction of long-term constipation model {#s0015}
-----------------------------------------------------

Intestinal cancer model and Codonopsis foetens treatment model in mice 21 healthy Kunming mice were routinely fed in laboratory for 3 days and later designated into 7 groups, including blank group (B), 1,2-dimethylhydrazine induced intestinal cancer group (CaD), long-term constipation group (C), long-term constipation induced intestinal cancer group (CCa), 1,2-dimethylhydrazine induced intestinal cancer with treatment group (CaDT), long-term constipation with treatment group (CT), long-term constipation induced intestinal cancer with treatment group (CCaT). According to methods mentioned in references, 2.5 mg/(kg\*d) of loperamide hydrochloride were administered orally by gavage to mice in all groups except for blank group, constructing constipation mice model, while mice in blank group were gavaged with equal amounts of saline. Gastrogavage was performed for 2 consecutive weeks, and successful construction of constipation model was confirmed with intestine propelling rates and defecation rates. 1,2-dimethylhydrazine were injected intraperitoneally to mice of CaD group and successful construction of intestinal cancer model was confirmed by pathomorphology 6 weeks later. To construct 3 Codonopsis foetens treatment groups

Namely the 1,2-dimethylhydrazine induced intestinal cancer with treatment group (CaDT), long-term constipation with treatment group (CT) and long-term constipation induced intestinal cancer with treatment group (CCaT), total extract of Codonopsis foetens were given by gavage to mice of 1,2-dimethylhydrazine induced intestinal cancer group (CaD), long-term constipation group (C) and long-term constipation induced intestinal cancer group (CCa).

2.2. Fecal sampling and testing {#s0020}
-------------------------------

After 4 weeks of treatment, the contents of the rectum were collected under aseptic conditions from mice of blank group, intestinal cancer group and Codonopsis foetens treatment group. Samples were preserved in liquid nitrogen for further 16S rRNA sequence.

2.3. Data processing {#s0025}
--------------------

SPSS 13.0 software was used for statistical analysis. One-way analysis of variance was used for statistical analysis. Comparison between groups was performed using LSD multiple comparisons. Non-parametric factorial Kruskal-Wallis (KW) sum-rank test and Linear Discriminant Analysis (LDA) software LEfSe were used for detecting significant abundance difference characteristics, screening groups with significant different abundance, and evaluating the effect of each component (species) on this discrepancy. Software FLASH, Trimmomatic; with platform being Usearch (version 7.0 [[http://drive5.com/uparse/]{.ul}](http://drive5.com/uparse/){#ir005}) were used for data deconvolution and parameter settings. RDP classifier Bayesian algorithm was used for taxonomic analysis of OTU Sequence with 97% similar level, referred to the 16S bacteria and archaeal ribosomal database Silva (Release 128 [[http://www.arb-silva.de]{.ul}](http://www.arb-silva.de){#ir010}[).]{.ul}

3. Results and analysis {#s0030}
=======================

3.1. Preliminary research showed that long-term constipation could induce intestine tumor {#s0035}
-----------------------------------------------------------------------------------------

Preliminary research was based on long-term constipation group (C) induced by loperamide hydrochloride and blank group (B). Successful construction of intestinal cancer model was confirmed by pathomorphology (showed at [Figs. 1](#f0005){ref-type="fig"}, [2](#f0010){ref-type="fig"}, [3](#f0015){ref-type="fig"} and [Table 1](#t0005){ref-type="table"}).Fig. 1Typical picture of constipation model (fecal was solid and aggregated in mass in intestinal tract).Fig. 2Typical picture of intestinal tumor morphology (arrow showed macroscopic sarcoma in intestinal tract).Fig. 3Intestinal tumor section under 40× magnification (pathological section of intestinal tumor cells, with varied cellular size and morphology, irregular nuclear, denser coloration, revealing different characteristics from maternal cells).Table 1Intestinal propulsion rates of mice in constipation model group (C) and blank group (B).Total length of small intestineThe length of carbon particle propellingPropulsion rate (%)C572950.88B595593.22

3.2. Intestinal microbial sequencing data filtration and Tags splicing in a mouse model of intestinal cancer {#s0040}
------------------------------------------------------------------------------------------------------------

The results in [Fig. 4](#f0020){ref-type="fig"} showed that after sequencing analysis of the 16s rRNA V3-V4 region, the original down-stream data was pre-processed. By filtering the original data, Tags spliced, Tags filtered and Tags region chimera, the final Effective Tags was obtained and OTU clustering analysis was performed.Fig. 4OTUS and Tags diagram of different samples.

3.3. Comparative analysis of OTU in intestinal cancer model and Codonopsis foetens treatment group {#s0045}
--------------------------------------------------------------------------------------------------

The microbial communities of different habitats have a certain degree of similarity and specificity in species distribution. According to the OTU abundance information, we carried out the Venn diagram analysis to compare the OTU common or unique characteristics between the different intestinal cancer models and the Codonopsis foetens treatment group. As shown in [Fig. 5](#f0025){ref-type="fig"}, we can see that both intestinal cancer models and the Codonopsis foetens treatment group have special specific microbial community characteristics.Fig. 5Intestinal cancer models and the Codonopsis foetens treatment group.

3.4. Comparative analysis of alpha diversity of intestinal microflora in intestinal cancer model and Codonopsis foetens treatment group {#s0050}
---------------------------------------------------------------------------------------------------------------------------------------

OTU clustering were performed on all samples collected from model group and Shannon Index were calculated with program to evaluate diversity of specific habitats or eco-system. Results showed that Shannon Index decreased in intestinal cancer model group while it was up-regulated in Codonopsis foetens treatment group compared with those of corresponding disease group ([Fig. 6](#f0030){ref-type="fig"}).Fig. 6Change of Shannon Index in intestinal microflora of model group.

3.5. Comparative analysis of Beta diversity of intestinal microflora in intestinal cancer model and Codonopsis foetens treatment group {#s0055}
--------------------------------------------------------------------------------------------------------------------------------------

Beta diversity refers to diversity between different ecosystems. It is the rate of change of species composition along the environmental gradient or between communities, which represents biodiversity as reflection of environmental heterogeneity. Based on the species abundance information of the OTU list, Principal Component Analysis (PCA) and Principal Co-ordinate Analysis (PCoA, Principal Co-ordinate Analysis) methods are adopted. As shown in [Fig. 7](#f0035){ref-type="fig"}, results showed that the intestinal cancer model group and Codonopsis foetens treatment group were distinguishable, and the bacteria structure in CaDT treatment group and the CCaT treatment group had compact distribution and high similarity.Fig. 7Beta diversity of intestinal microflora in model group.

3.6. Differential analysis of species abundance {#s0060}
-----------------------------------------------

In order to investigate the effects of intestinal cancer model and Codonopsis foetens treatment group on the structure and composition of intestinal microflora, we performed clustering analysis on similar OTU at the level of phylum and class (as shown in [Fig. 8](#f0040){ref-type="fig"}). At phylum level, there were 6 major groups of intestinal microflora, including Firmicutes, Bacteroidetes, Proteobacteri, Deferribacteres, Tenericute and Actinobacteria. The abundance of Firmicutes and Bacteroidetes was higher in the intestinal cancer model and Codonopsis foetens treatment group, both being dominant bacteria groups. In control group, the abundance of Firmicutes was as high as 51.82%, while the abundance of Bacteroidetes was 33.3%, the abundance of Proteobacteria was 11.19% and the abundance of Deferribacteres is 1.9%.Fig. 8Stack map of species distribution at phylum level.

The abundance of Firmicutes was higher in the intestinal cancer model group (CCa group) (67.2%) compared with those of the control group while the abundance of Bacteroidetes decreased (18.92%) compared with the control group. Moreover, the abundance of Proteobacteria and Deferribacteres were both lower than the control group, with the abundance being 10.1% and 0.9%, respectively.

In Codonopsis foetens treatment group (CCaT group), the abundance of Firmicutes was 73.4% while Bacteroidetes was 14.75%, Proteobacteria 6.8% and Deferribacteres 1.2%. This indicated that the abundance of intestinal microflora in both intestinal cancer model group and Codonopsis foetens treatment group was significantly different, especially Deferribacteres, Fimmicutes, Bacteroidetes, and Deformations, which are four major groups that contributing greatly on the intestinal micro-ecology.

3.7. Kegg pathway analysis on intestinal cancer model and Codonopsis foetens treatment group {#s0065}
--------------------------------------------------------------------------------------------

According to the OTU species annotation and abundance information, Picrust software was used for function prediction. The abundance of each pathway was obtained. As shown in [Fig. 9](#f0045){ref-type="fig"}, 20 enrich metabolic pathways were observed in abundance heat map, which are Arachidonic acid metabolic pathways, ABC transporters, Adipocytokine signaling pathway, Alanine, aspartate and glutamate metabolism, and the like.Fig. 9The heat map of pathway distribution of intestinal cancer model and Codonopsis foetens treatment group.

4. Discussion {#s0070}
=============

4.1. Intestinal cancer would affect the abundance of Deferribacteres {#s0075}
--------------------------------------------------------------------

There are a large number of microbial communities in the intestine and a dynamic balance is maintained with the host organism. Also, different bacterial groups are kept at a certain proportional relationship. Based on 1,2-dimethylhydrazine-induced intestinal cancer model, we successfully constructed model of long-term constipation induced intestinal cancer. And treatment group was constructed with oral administration of Codonopsis foetens. The results showed that there were significant changes in intestinal microbes of intestinal cancer model and Codonopsis foetens treatment group.

The species abundance of Deferribacteres, Bacteroidetes, Firmicutes in the mice intestine had changed. The abundance of Deferribacteres was 1.9% in the control group, 0.9% in the cancer model group, and 1.2% in the Codonopsis foetens treatment group. Such tendency indicates that the iron metabolism of Deferribacteres is definitely related to the intestinal micro-ecology. In preliminary treatment group, the effect of Codonopsis foetens as the intestinal microbiological culture medium was equivalent to the nutrient substance in the microbiological culture medium. Codonopsis foetens directly or indirectly changed the intestinal bacteria micro-ecology by altering the nutrient composition of the intestinal "medium", pH, and the like, further affecting the occurrence and development of intestinal cancer.

Deferribacteres is a kind of bacteria that could gain energy through obligate or facultative anaerobic metabolism. The iron metabolism of Deferribacteres in intestinal flora is definitely related to bowel iron balance. By altering the expression of iron-metabolizing proteins, increasing iron intake, reducing the amount of iron storage in tumor cells and iron loss, more iron could be mobilized and utilized by tumor cell metabolism. Abnormal iron metabolism increases the risk of cancer and promotes tumor growth ([@b0015], [@b0110], [@b0035]).

In the intestinal cancer model group and the Codonopsis foetens treatment group, the abundances of Bacteroidetes and Firmicutes of mice intestinal tract were changed, which were irregular. Bacteroidetes is a kind of bacteria that promotes carbohydrate fermentation and participates in sugar, bile acid, and steroid metabolism. Firmicutes is a group of bacteria that can ferment cellulose to butyrate, and can be transformed into pathogenic pathogens by symbiosis. Subsequent studies are needed to determine the relationship between species abundance changes of Deferribacter, Bacteroidetes, and Firmicutes and the intestinal cancer, and to further elucidate the relationship between structural changes of intestinal microflora and intestinal cancer.

4.2. Codonopsis foetens could affect the metabolic pathways of Deferribacteres in constipation-type intestinal tumors {#s0080}
---------------------------------------------------------------------------------------------------------------------

Changes of cellular metabolism is an important feature of tumors, and it interacts as both cause and effect of tumor occurrence and development. The occurrence and development of tumor will cause disorders in various metabolic pathways, such as the glycometabolism pathway, mitochondrial biosynthesis, amino acid metabolism, lipid metabolism and others ([@b0160]). In this study, PICRUSt software was used to perform functional annotations of KEGG Pathway. By applying significant enrichment analysis in KEGG metabolic pathways, 20 metabolic pathways including Ascorbate and aldarate metabolism (arachidonin acid pathway), ABC transporters, Adipocytokine signaling pathways, Alanine, aspartate and glutamate metabolism, indicating abnormal metabolic pathways such as glucose metabolism, amino acids, and lipid metabolism, accompanied by changes in metabolites. Subsequent studies should be focused on relevant metabolic pathways and important metabolites.

5. Conclusions {#s0085}
==============

In this study, we carried out differential analysis of the effects of Codonopsis foetens on Deferribacteres in constipation-type intestinal tumor. Subsequent experiments are needed to further investigate the intestinal microflora (Deferribacteres, Firmicutes, Bacteroides). Combined with metabolomics studies, metabolites are analyzed and biomarkers that influence the development of intestinal tumors are identified.(1)At phylum level, the abundance of both Deferribacteres and Bacteroidetes were lower in the intestinal cancer model while the abundance of Firmicutes was higher compared with control group. Moreover, the abundance of both Deferribacteres and Firmicutes were higher in the Codonopsis foetens treatment group while the abundance of Bacteroidetes was lower compared with intestinal cancer model group.(2)Codonopsis foetens directly or indirectly changed the intestinal bacteria micro-ecology by altering the nutrient composition of the intestinal "medium", pH, and the like, further affecting the occurrence and development of intestinal cancer. Changes in the abundance of intestinal flora is closely related to the occurrence and development of intestinal cancer, further affecting intestinal micro-ecology.
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